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ANNUAL SUMMARY FOR 1888. . 
'TWO additional charts (numbers riii and ix) are Iwblistied 

with this issue of the REVIEW slioaipg, respectively, thc 
annual isotherms and dcpartures from the normal temperature 
and the annual precipitatioll for 1888. 

The annual lneau temperature was highest over  souther^^ 
Florida? where the readings ranged above 7 5 O .  Over Florida 
south Of the twenty-ninth parallel, nud in the lower Rio Grande 
and lower. Colorado valleys, the meail temperature w,zs above 
70'. In the southern states south of the thirty-fifth parallel 
and east of the ninety-fifth mcridiiui, ;t greater portion of' Texas, 
southern New Mexico, and southern Arizona, aud the southern 
half and north-central part of California, the values rose above 
60'. The mean temperature w a s  lowest in the lower Suint 
Lawrence valley, over the northern part of Lake Superior, Mani- 
toba, northern Minnesota, and northern Dakota, where it fell 
below 3 6 O .  It mas below 40° north of tbe forty-fifth parallel, 
except in the Rocky Mountain regions and on the Pacific 
comt, where it increased gradually to nearly 65' in Oregon. 
Over the middle plateau region of the Rocky Mountains, 
within a limited area embracing ceutral and northwestern 
Nevada, and adjacent portions of California and Oregon, the 
mean temperature fell below 50'. 

The annual mean temperature corresponded with the nor- 
mal along a line traced irregularly southward from Moutana 
to western Texas; at  stations in Manitoba, the lower Missis- 
sippi valley, southwestern New England, along the west coast 
of the Gulf of Saint LawreIice, and along a line inclosing an 
area exteuding from Perinsylvnnia south-southwest to north- 
central Florida. The means were above the normal in the 
Rocky Mountain regions and 011 the Pacific coast. Over the 
eastern and central portiorls of the country tho year was 
colder than the at'erage, SaTe in the localities above referred 
to in which normal temperatures were noted, where small ex- 
CBSSes - W6re reported. 

T E M P E R A T U R E .  

rainfall reported from Washington southward to southern 
California, where i t  amounted to 11.6 inches e t  Sau Diego. 

As compared with the annual normal the excesses and de- 
ficiencies in precipitation for 1888 mere irregularly distributed 
over the country. Among the more remarkable features may 
bo noted the large deticiency in rainfall at  Block Island, R. I. 
At  this station the precipitntion mas 24 inches less than the 
average for previous years, while a t  NOW Haven, Conu., Port- 
laud, Me., and Yarmouth, N. s., theexcesses were, respectively, 
11.3,18.1, and 21.8 inches. Deficiencies exceeding 10 inches 
were also reported at Portland ,.OregOu, Tatoosh Island, Wash., 
Hatteras, N. C., Moorhead, M I ~ I ~ . ,  Cedar KOJ-S, Fla., Omaha, 
Nebr., aiid at Vicksburg, Miss. The most marked excesses 
in precipitation, other than those above noted, occurred nloug 
the middle aud a portion of the west Gulf coast, where they 
were more than 10 inches, the greatest, 19.3, occurring at New 
Orleans, La.; at Fort Smith, Ind. T., and Port Maginnis, 
Mont., the yearly precipitation exceeded the everage by 10.4 
and 10.2 inches, respeotively. Over the plateau and Pacifio 
coast regions the rainfall was deficient, except oyer the sonth- 
ern half of' California, southern Nerada, and northern and 
western Arizona, where there W a s  a slight excess. 

The following tablo gives annual f;urnmaries of temperature 
aiid prccipitation observations at the older established Signal 
Service stations during 1888, Wether  with the departures 
from the annual normah : 

1 Tempernturedegreoa Fnhrenheit. 

Btntions ond dis- 1 5 j h 1 Extremea for 1888. 
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Stations and dis- 
tricta. 

~~ 

Annual aurnmaru of Signal Service observations-Continued. 
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I Tompcraturc-degrees Fnhronheit. 
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00.0 

01.2 

96.4 
0% 3 
03.0 
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ExtromeR for 1888. 
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AUK. 

Aug. ' 
June 13 
June 17 

June IE 
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Jan. 2 
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Jan. 16 
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Jan. 15 
Jnn. 
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Jan. 15 
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Jan. 15 
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Jan. 15 
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Jan. 15 
Jan. 14 
Jnn. 13 
Jan. 15 
.Jun. 16 

Jnn. 14 
.Jan. 14 
Jnn.14, I: 
Jnn. 15 

Jnn. 16 
Jnn. IO 
Jnn. 8 
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26.1 
25.5 
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7.1 
35.: 
aq. : 
30.5 
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13.6 
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- 2.1 

...... + 9.1 ...... 
-10.8 ...... ...... - 1.2 - 7.0 - 7.4 
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- 1.0 - 9.1 - 1.6 
-10.9 
-12.8 - 4.1 
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....... 

....... 

The following table sliows the normal and curreut annual 
mean temperatures and rainfalls, departures, and extremes 
for past years, as reported by roluiitary observers: 

Annual Suntmary for  1888.--Polz~ntary Statiorm. 

Precipitntion. I Temperature. 
I 

I ,  I 

rh'ormnl for g yeara. 
The following notes of the meteorological features of the 

year hsro been furnished by the directors of the several state 
weather services and voluntary observers : 

Alabama.-The warm days in the latter part of February brought forth the 
fruit blossoms earlier than usual. March was cold and unpropitious to farming 
Dperntions. The remainder of the spring wns mild and plenssnt and favorable 
for the rapid development of tender plants. The summer o ened with a 
drought that seriously in'ured upland corn in middle Alabama. Plains became 
quite frequent toward die close of silmlner, causing cotton to sprout in the 
held and intensifyi? the tendency to rust. The precipitntion wns unusually 
large in August. r f e  last killing frost in spring was on the 26th of April, and 
the first killing frost of autumn the 26th of November.-Report of Alabama 
State Weather Service. 

Arkansas.-The rains were geiieralb distributed very favorably throughout 
the yew, crops seldom being injured and never destroyed, either by drought 
3r flood.-R ort of Arkansas State Weather Service. 

Illinois.-?he year was an unusual One, as fegards the effects of its rainfall 
md  temperature on agricultural products, which were eminently favorable.- 
Re ort of Illinois State Weather Sem'ce. 

&iana.-The year was cool and moderately wet; the total amount of pre- 
:i itntion being above the normal, except in the northern portion of the state, 
wfere it was deficient. The temperature WM below the normal during all the 
leasons.-Report of Indiana State Weather Service. 

Iowa.-The weather for the year was favorable for the production of good 
:raps, and the harvest season wns fine. While the cold of the early months 
was far in excess of the normal allowance, the closing monthsof the year were 
?xtraordinarily fair, warm and pleasant. NO tornado occurred during the 
fear.--Report of Iowa d e a t h m  Service. 

Kansas.-The rainfall in the eastern part of the state wns slightly greater 
,hnn in 1887. July wns a dry month, and many complaints were made of 
]lighted cro s, but the cause was not wholly a dearth of rain. In  August and 
September t i e r e  mas an abundance of rain. The hot winds of July, sweepin 
i o m  the southwest corner up throu h the middle of the state, contribute8 
more to the failure of crops than did %e lack of moisture in the soil.-.Report 
zf Kansas State Weather Service. 

Louisiana.-The average temperature was O O . 1  above, and the tavern e ))re- 
:ipitation waq 6.74 inches below the twenty-year normal. Snow fefl i n  a 
measurable quantity on two dates in January in several of the extreme 
northern parishes.-Report of the Louisiana State Weather Sm 'ce .  
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+inneaota.-As co.mpared with the three precedin years there was a de- 
ficlencp of about 2' In temperature, and an excess of about three inches in 
preci Itation. The latest frost of spring occurred at  Saint Vincent, June 6th, 
and tge first frosq of fall was noted s t  Saint Vincent and Grand Forks, Dak., 
August 9th. Thl8 early frost damaged the wheat mid other crops in northern 

NebrQ-sku.-The temperature XVM nearly normal, but the extremes in tem- 
peratwe were unusually geat. The precipitation avera ed somewhat below 
the normal, but had a mi e range, varying from about ifteen inches in the 
southwe3tern Part of the state to  oyer thirty-three inches in the southeastern. 
Report O f  the Nebraska State Weathrr Senn'ce. 

CalifOmia.-Lewis Creek, Tulare Co.: January ver frosty and cold. All 
the h o n 3  on the lace were killed. April waa the Liest  known for years. 
I n  November and 8ecember there was an unusual amount of fog.--Repwt of 
volunta observer. 

Orov%, Butte Co.: t . e  cold-wave that passed over the state in January 
Wag the lon est continuous spell of cold weather and marked the lowest tem- 
peratures ofj any period since 1849. It began on the 4th, and the temperature 
W a s  below 82O for fourteen days with but one exce tion. Commencing on the 
19th of An st and ending September 12th, waa t i e  longest continuous spell 
of hot w e a t g r  I have ever experienced.-Report of voluntary observer. 

Elorida.-Manatee, Manatee Co.: light frost January 19th and SOth, and y! frost November 26th, December 21st and 224  none of which were 

Massachusetk-Blue Hill, g r f o l k  Co. : the noteworthy phenomena during 
the year were the exce tionally cold Januarp (7O below normal), the very 
Cool July and October, t i e  heavy rainfall durin the autumn, and the severe 
and destructive storms of March 11-13th and A v e m b e r  2G-26th.--Report of 
voluntar observer. 

~ V ~ U J  &ampshire.-Concord: the tots1 preci itation of the year exceeded 
the average of the preceding thirty-two years t y  14.12 inches, and has only 
been exceeded once, in 1863.-Report of volrcntary observer. 

W E A N  F O Q  DUBINC) 1888. 
The following table shows thenumber of days in each month 

for which fog was reported on the north Atlantic Ocesn west 
Of the fortieth meridian during 1888: 

, Minnesota and Dakotn.-Report of tile Minnesota State Weather ,Service. 

ama@ng.-&uort of uolunta observer. 

Month. 

-_____---- 
............................................................... .............................................................. 

.................................................. 
............................................................. 6 

Totals. ...................................................... 
--__ -- --- 

From the above it will be seen that in the vicinity of the  
Banks of Newfoundland fog was most frequently reported dur- 
!ng the summer months, the greatest number of foggy days 
in any month (28) being noted in July. Prom this time there 
was a gradual decrease in fog-frequency until December. In 
the vicinity and to the southward of Sable Island and Sable 
Island Bank the period of greatest fog-fmqUenCY corresponded 
with that of the  Grand Banks, although the aggregate numboI 
of foggy days during tho year was more than 60 per cent. less, 
Over and near George's and Nantucket Shoals, and Off the coast 
of the United States to the southward, the month of greatest 
fogfrequency was May, when its occurrence was reported on 
twenty-one days, from which time there was a gradual monthlg 
decrease in the number of foggy days until December. 

The more frequent occurrence of fog near Newfoundland dur. 
ing the Spring and summer months is attributed to tho presence 
in that locality dllring those Seasons of extensive fields 01 
Arctic ice which commence to drift southward in the Labrador 
current during the early spring months. As the season ad? 
vances the ice mihssed tile Labrador and more iiorthern 
coasts brealrs away iu larger qualltities, and duriug the late 
spring and early summer moIlths there !s an immense accumu 
lation of field lce and icebergs off Newfoundland and over the  
Grand Banks. In  succeeding *lumbers of the BEVIEW during 
the Past two years the tj;ubject of Ocean fog been made a 

I t  llas beell silown tllat its development uear New 

27 
-__- -____ - 

oundland is incidental to A shift of wind to southerly or south- 
!auterly with the approach or passage of areas of low baro- 
netric pressure, and that the more frequent and denser de- 
;elopment of fog during the ice season is apparently due to 
,he more marked differences in the tornpernture of air drawn 
)y southerly winds from over tho oceau to the southward and 
,he Gulf Stream and the air which immediately overlies the 
:o!d surface of the ice fields. Tho gradual decrease in the 
luantity of ice iu that region is attended by a diminution in 
bg-frequency until the months of November, Deeember, and 
ranuary, when the southward movement of Arctic ice has 
:eased, and the occasional derelopment of fog is apparently 
lopendent upon the contrasts 1u temperature occasioned by 
,he w"arm Gulf Stream and the cold Arctic current which meet 
n that locality. 

Between the fifty-fifth and sixtyfifth meridians the season 
,f greatest fog-frequency exteuded from May to September, 
nclusive; i t  occurred on the greatest number of days (thirteen) 
n July and August, respectively,. and Upon the least number 
)f days (two) in  January. Iu th1S regloll fog is generally en- 
:oiintered with east to south winds Occasioned by the approach 
)r passage to the Forthward of areas of low barometric pressure, 
and its development apparently depends 1 argely upon the con- 
trasts in temperature which exist between the warm, moist air 
drawn from over the Gulf Stream ?Ud that which overlies Sable 
[sland Bank, where the deep-flowlng cold waters of the Arctic 
surrent are forced to the surfme. To the westward of tlie sixty- 
Bfth meridian tlie season o f  greatest fog-frequency was some- 
what earlier than in the other regions referred to, and extended 
from April to July, iiiclusire j the greatest uulnber of foggy 
day8 (tweuty-one) being shown if May, and the lsnst (three) 
it1 December. In this, as in the fog districts to the eastward, 
there is au apparent relation between t h e  davclopmeut of fog 
and the meeting of mnsses of warm, Y.aPor-laden air drawii from 
DVer the Gulf Stream by the cyclonic circulation of wiuds in 
the eastern qundranh of areas of lpw 1)ressws which advance 
from the continent north of the fortloth l)arallel, aiid the colder 
air which overlies the waters on Qeorge7s and Nantucket shoals, 
where, as over Sable Island Bank? 1s found a similar forcing to 
the surface of tlie cold, deep-flomlllg waters of the Arctic cur- 
runt. If, as ib appears, fogdevelopment is occasioned by the 
meeting of warm, humid air from tho Gulf Stroam, and cold 
air OrerIgiug the ice fields, find the bmks and shoals of tlie 
Arctic currout, and, in iustances, the Cold air flowing from the 
continent, i t  would seem to follow that the montlis in which 
these contrasts in temperature were more marked would be 
the months of greatest fog-freqnency. In the case of the fog 
of tho Newfoundlaud Banks, it has been shown that these 
differences aro mor0 marked during the ice ~eason, and that 
this season corresponds with t h t t  O! the greatest fog-frequency. 
As regards the more westerly districts, it is assumed that while 
the absolute differences in temperature daring the spring and 
Slimmer mouths are not equal toethose which exist in minter, 
the greater capacity of the sea air for moisture, and the fact 
that i t  is more nearly saturaJed 111 the  summer season, renders 
i t  more susceptible to the  IntlUeiiCe of cooler air, as regards 
the precipitation of its aqueous vapor, and the contrasts in tem- 
perature with the air over tho-cold coast current, or its banks 
and shoals, need not necessarily be so great iu order to cause 
a condonsation of fog particles. 

Since September, 1886, there hare been printed in the MONYH- 
LY WEATHER REVIEW from time to-time special articles giving 
general conclusions in connect1011.with the subject, and intimat- 
ing the practicability of makiilg forecasts of the probable dates 
on which fog mould occur along the trans-Atlantic steamship 
routes and off the Maritime States and Provinces. The im- 
portance iiow attached to th i s  work is indicated by the fol- 
lowing extract taken from '&NaUtiCd Monograms, No. 6," pre- 
pared by Mr. Everett Hayden,.in charge of the division of 
mariue meteorology, Hydrographic Office, United States Navy, 
and issued in January, 1889 : '.t Scieiitific research and practi- 
cal inventive genius, advancing hand in hand for the bonefitl 
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of mankind, hare discovered not only the lams governing the 
formation of the dense banks of fog that h:we made t h e  Grand 
Banks dreaded by navigators, but also t h e  means by which 
cert,aiu facts may be observed, telegraplied, charted, and 
studied a thousand miles itmay, and the occurrence of fog pro. 
dicted with almost unfailing accu~';\cy, even whilst the vcq  
elements themselves are only preparing for its formation. BJ 
means of such predictions the safety of navigation along the 
grea,test highwa,y of ocem tmftic in the ~ o r l d  woulcl be rast l j  
increased-routes traversed yeerly, a t  almost railroad speed, 
by vessels intrusted with more thau a inillion of lives and 
property of an aggr?gat&e value of fully a billion dollars." 

As t h e  principal fog-belts of' the north Atlantic extend along 
or near the trans-At.lantic steamship tracks, and reports have 
been contributed monthly by hundreds ol' shipma.sters, there 
is nom ;tva.ilable a large amount of date bearing upon this  
subject, from which a11 exbaustive study of the more detailed 
meteorological conditions attending fog formation over the 
Ocean could be macle. It has been possible thus far to de. 
termine the general meteorological features that hare preceded 
fog along the steamship routes west of the fortieth meridian, 
and to deduce certain conclusions as to the relations which 
appear to exist between the storms. which advance from the 
American continent and the development of fog in those re- 
gions. While these general conclusions seem to admit ofthe 
successful forecasting of fog, they do riot satisfactorily explain 
those exceptional wsos wherein the conditions apparently 
favor f'og development, a,nd no fog occurs, and those in which 
fog does OCCUT in the absence of well-defined favorable condi- 
tions. While these instances are not of common occurrence, 
and would not probably seriously reduce the percentage of 
verifications of predictions based upon tho general laws of fog 
formation, they constit.ute a feature, which, while apparently 
due to insufficient or exce.ssive differences in temperature or 
humidity, as applicable to the one or the other of the instances 

. cited, require, for a more sa.tisfactory Rolution, a more detailed 
investigation of' the subject t1ia.n has heretofore been afforded it. 
Precipitation ( i n  inches and hundredths) frirnished (with notes) by Thomas 

I t .  Rodman, voluntary observer, h'ew Bedford, Nms. 
NoTE.-Observations wcrc commenced by hIr. Samuel Itodman in October, 

1818, nt New Ihdford, Mass. The station was located at the corner of Mater 
and William streets about 200 feet from, and at an estimated elevation of tbc 
gauge of about 15 .feet above, the tide w:iter of the Acushnet River. 

On the 34th of January, 1820. the location of his meteorological observa. 
tione wiis changed to his residence on hiiddle street, just west Of the projec. 
tion of Water street, about 4 ~ 0  fect north of the place of his first obscrvations, 
about 100 feet from, and nbout 10 feet above, the same tidc water. 

On the lOth of ,Jniiuary, 1828, tlie location of his observations was nguin 
changed to his new residence, corner of Spring and County streets, about one. 
half mile southwest of the Middle st.rect house, about three-eighths of a mile 
from, and aliout 100 feet above, tlie same tide water. IIcrc the record has been 
ke t continuously since. 

fn this last locality the position of ,the gauge was about 50 feet south of 
the house. 

In 1880 the gauges were removed to a point about 26 fect to the northeast, 
and a little later tbcy were removed about 26 fect farthcr in the same direction; 
and here, since some date in 1882, as I estimate, they have stood until the 
present time. 

The elevation of the ground on which they now stand is nbout 92 feet above 
tide water, about 50 fcet southeast of the t h e e  story house, about GO feet north 
of Grace Chnrch, and about 15 feet southwest of the " L" of the houseof Wil- 
liam N. Clinrch. 

Cnrc has been taken to remove tke gaiiges so far a9 prncticable, t o m  nll dia- 
turbing influcnccs. 

The first gauge used by my father wa9 made of tin and I still record tlie 
meuuremcntx of such a one, thou 711 not the identical instrument used in his 
first observations, as I found the fbhowing note made January, 1869, whcri lie 
be,nan to use other gauges: "The Eame instrument has not been used thc whole 
of 'that early period (1813-185'3) several having been stolen or destroyed." 
The present tin cone, which I judge is constructed upon the lines of its pre- 
decessors, has an internal dcpth of 14 inches, which includes n scction of a 
cylinder 2 inches deep. Its diameter a t  widest part is 6 inches. 

I do not know whence or how my father nrrised fit those proportions, but 
he  became dissatisfied subsequent1 with the accuracy of the tin augc and in 
Jnnuary, 1869, procured of Nr. Ecfward S. Ricbie, a mathcmatici  instrument 
maker of Boston, and of high reputc in his pr:fession, ne elsen;.lfcre, another 
y g e  made of copper, but designated as the Brass Conc." 1hiA cone is of 
t e snme measureiiients as the tin cone, except that its grcatest diameter is 

The tops of tlic rauges are 31 inches above the rou~id. 
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63 inches. Within a few gears the Brass or Richie Cone waa tested by hlr. 
Lawrence Roch of the Blue Hill Obsorvntory, hlnss., and found to be accurate. 
Ita correctness has also been established by Mr. Robert P. Coggeshnll, super- 
intendent of the New Bedford Water-Works, in behalf of the New England 
Mcteorolo iwl Society. 

About t i c  snme time my father received from the Smithsonian Institute, 
Wnshington, another gauge. 

Since or be inning with January, 1859, the record of the three gauge8 has 
been kept, an$ the following results were reached by my father after seven 
years comparisoii. 

There wns a remarkable almost absolute correspondence between the Brass 
Cone and the Smitlisonian, and it was fourid that their registry \vns about one 
ei hth in excess of that of the tin cone. 

f n  making u the tnble of rainfall for seventy-five gears, which I sent you, 
the addition otone-eighth baa been made for the p e j o d  from 1814 to 1869, 
inclusive, when the tin cone only wa8 used. 

Practically speaking, all the records of the rainfall from October, 1818, to 
July 28, 1876, inclusive, were made by my father. I have taken up the work 
where he  left it, and almost without assistance have carried it on since. 1 
should state that the tnble gives the record of the Brass or Ritehie cone, 
I must here re )rd my obligations to Mr. Comeshnll, aforemid, under whose 
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